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In the gun shop of the Watervliet 

Arsenal. 
Boring chamber of a 12-inch Navy gun at the 

Washington Navy Yard. 

Chambering a 12-inch gun at the Watervliet 

Arsenal. 

Large Naval and Coast Defense Guns 
Their Process of Manufacture and Inspection 

By G. H. Holden, Sub-Inspector Ordnance, U. S. N. 

THE modern large gun has been developed to its high 
state of etficiency and simplicity of design within less 
than twenty-five years. 

The success can be largely accredited to the valuable 
assistance rendered by the steel companies, who have 
developed in the art and production of steel. 'Wonderful 
strides have been the outcome of their endeavors, and 
hence our powerful weapons. The same also can be 
said of powder, projectiles and armor plate. 

The manufacture of these heavy guns has become 
simplified through experience, and involves a heavy 
expenditure of money for equipment of open-hearth 
furnaces, forging presses and heavy rigid machinery; 
also it requires an etficient force of engineers to oversee 
the various processes. 

The 12-inch 01' 14-inch B. L. rifle is made of eleven to 
fifteen component parts whose weight in the shape of 
cast ingots will be 1,000,000 
pounds, and when machined 
and assembled into a fin
ished gun weigh a little 
less than 130,000 pounds. 
To cast each of the six 

is then removed from the furnace and lowered into a 
water tank 10 feet in diameter and 80 feet deep. The 
water in the tank is heated by steam to about 100 deg. 
F., and the tube is held for a sufficient time to obtain 
proper hardness, and then replaced in the furnace and 
drawn to proper amount to meet physical requirements. 

The companies take a trial test bar from each end of 
the tube. If the results are satisfactory the tube is 
submitted to naval inspector for test. He will lay out 
foul' transverse specimens 90 degrees apart on each end 
as an outer bar, one inner and two center, and when 
pulled, if they all meet requirements of 90,000-55,000-
18-30, the forging is provisionally accepted, cut to length 
and if machined to blueprint previous to treatment is 
shipped to army 01' naval gun factory. 

The jacket, the first forging component to be finished 
bored, is spotted on breech end for steady rest and 

second, to star-gage bore and record the dimensions. 
The tube is replaeed in the lathe and shrinkage di

mensions are turned, and radius cut at shoulders to 
profile gages. 

The dimensions are now checked for length and diam
eter, and the surface is closely scrutinized for any 
defects. The tube is then removed from the lathe, the 
centers are taken out of the ends, and the total length 
of the tube is taken. The surface is painted with 
graphite and the tube is then lowered into a deep pit 
in a vertical position, with the breech end down, rest
ing on a short ho11ow cylinder, through which a water 
connection is made, as cold water is now to be circu
lated in the tube. 

The jacket is placed in a vertieal furnace, breech 
down, and heated about 30 hours with hot air to 700 
deg. 11'. It is then removed froll the furnace and 

gages are inserted in the 
expansion has been reached. 

largest ingots, two open
hearth furnaces are re
quired, and each charge is 
made up of 115 tons of ma
terial. 

12,NCH .45cAL. GUN WE'GHT "9,000 LBS, POWOER<HARGE 300 LBS. ("BOUT) PROJECT'LE WE'GHT 870 LBS. 
(COAST OEr-ENCE G.UNS APPRQ)(IMATELY THE 5AME, CALIBER FOR CAL.IßER.) MUZZLf. VEL '-700 FOOT SE.CONOSo 

bore to make sure proper 
It is brushed out and 
placed over the tube, and 
w h  e n properly centered 
with aid of wo oden gages 
is lowered as quickly as 
possible until it brings up 
home on the shoulder. A 
coil of pipe is in position 

==:::::::l 
Wf;.IQHT 29.000 LaS 
powO€.R. CHARGE- '50 L5S,{A�OVT) 
PROJECTILE WEIGol"lT 10410 L8'5. 
MV2ZLE VELDC.ITY 1150 FOOT SECONDS 

COA5T DEFENCE. 12 INCH MORTAR (ABOUT 12-CAL.) 

opposite this point, and a 
spray of water is applied 
to induce rapid cooling and 
diametric contraction, so 
as to insure as sma11 an 
opening at the shoulder as 

The tube 01' inner section 
is the first ingot poured, 
and it weighs 146,000 
pounds. It is 63 inches 
diameter midway of its 
length with corrugations 
on its exterior surface. 
The mold tapers about 3 Sectional views of a 12-inch naval gun, and a coast defense mortar. 

possible and a l l  0 w t h e 
jacket to contract uniform-

inches in its length and has 
a corrugated wall, which enables the mold to be easily 
stripped from the ingot when cold. 

'.rhe steel for a11 gun forgings is made by the acid 
open-hearth process, and poured into. an open mold 
from top 01' bottom. If the steel is to be fluid-com
pressed, it is poured from the top and the mold rests on 
a portable carriage, which, after the pouring, is moved 
under a hydraulic press. The upper piston is then 
lowered into contact with the hot flutd and locked. 

I 

'.rhe pressure is then increased gradually from below 
by foul' pistons acting upon the table on which the mold 
rests until about 2,300 pounds per square inch is 
reached. This pressure is held until the metal has 
become solidified. The actual compression will amount 
to one eighth the original length of ingot. 

When the ingot is stripped from the mold it is re
heated for about fifty hours to a temperature of 2200 
deg. ]<�. in a gas heating furnace, and then placed under 
the press and rounded down. It is again reheated, 
reforged and drawn on the breech end of ingot for 
30 feet. The muzzle end 01' top of ingot is then placed 
in the furnace, heated and forged and drawn out so 
that the finished tube is 63 feet long, 30 inches at the 
breech and about 18 inChes at the muzzle. 

The forging is then given a high apneal to relieve 
forging strains, and when cool is mac�ined to 0.5 inch 
of blueprint dimensions to develop any seams 01' defects. 
The tube now is sent to the boring sh�p and a 12-inch 
hole bored simultaneously from each end at a rate ot 
21,6 inches per hour. This operation takes about 130 
hours. 

The forging is then heated in a vertical furnace 80 
feet high for several hours to 75 deg. F. above the 
ctitical 01' a. c 3 point and held a sufficient time, and 

secured in a chuck on muzzle end and is finished bored, 
which requires two 01' more cuts of .15 inch with 
packed bits, with feeds for the first cut ranging from 
3.25 to 3.50 lineal inches per hour, 01' about 12 inches to 
15 inches surface feet per minute. 

In the final cut a feed of 4 inches to 5 inches per hour 
is attained. The jacket is faced square on breech end, 

Search-light for detecting defects in bore of gun 

tubes. 

the bore searched, as shown in the diagram, for sand 
splits 01' defects, and star-gaged for every inch of length 
of bore. The exterior is center punched every 24 inches 
of its length in a line parallel to its axis. 

A sketch is now prepared, with dimensions as re
corded in bore of jacket, plus a prescribed shrinkage, 
and given to mechanic to turn the exterior surface on 
breech end of the tube, which has also undergone a 
similaI' process of boring. The tube has been spotted 
by turning several spots throughout its length for steady 
rests, and is then preliminarily bored to within .25 inch 
of its finished size for a twofold purpose, first, to 
a"ain bore-search for sand splits 01' other defects; 
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ly throughout its length. 
,Vhen cold, the dimensions previously laid out are taken 
on the exterior and any extension is noted and recorded. 
�'lle tube is again star-gaged and the amount of compres
sion is recorded; also the total length is taken to note 
the amount of contraction due to shrinkage on jacket. 
'l'his star-gaging must be done carefully, as operations 
which follow up to the final assembled gun will be a 
sequence of the same methods of inspection, and each 
foregoing one has to be verified and checked up by 
preceding results. When the gun is finally assembled 
it is placed in a lathe and rough Plachined on exterior 
surface to within a few hundredths of an inch, then 
removed and placed on the floor and star-gaged for its 
entire length at every inch and a11 changes recorded. 
Upon examination of the results we find that the dif
ference between the dimensions of original bore, when 
an forgings are assembled, will amount to .025 at the 
breech and to about .015 sm aller at the muzzle, and 
that the length of the tube will be found to be from 
.20 inch to .50 inch short, due to the stresses resulting 
from heating and contracting incident to the successive 
shrinkages. To secure as near true and accurate as 
possible results the gun is relieved of all excess of 
metaIon exterior surface before this final star-gaging. 

The gun is again placed in the lathe, the breech end 
secured in face-plate chuck, and finish-bored to 14 
inches diameter. �his operation is a paiticular one, as 
the tolerance is but plus .00'3 inch, and the gun having 
a length of 60-odd feet, it requires about two roughing 
and one final cut. The feed on these cuts will average 
six lineal inches per hour, 01' about 425 hours for this 
operation, packed bits being used. The gun is then 
reversed in the lathe and the muzzle end Ilecured in the 
chuck. The powder chamber eytends into the breech of 
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Facing muzzle and finish machining extension of 

10-inch Army riffe at the Watervliet Arsenal. 

gun for about eight feet, and that part of bore is now 
enlarged, and compression and bore slopes and gas 
check seats are cut. This requires about 350 hours. 

The breech end is now bored and chased out and the 
screw-box liner is fitted. The exterior is now finish
turned, the tolerance being .01 inch except the slide and 
yoke fit, which have to be .003 inch plus. 

The gun is again reversed and the bell muzzle is 
now finished. The gun is then placed on the floor and 
star-gaged for chamber and bore, and bore-searched for 
any defects throughout. 

The next operation will be the rifiing of the gun. 
The rifiing bar has a primary groove cut s pirally the 
entire length which acts to rotate a rifling head, which 
has three cutting tools or more, having a universal 
adjustment (as cutting tools are fed out after each 
cut). Besides the rotative 
motion the head also re-
ceives a movement of 
translation by being fed 
forward through a traverse 
feed screw. There are 84 
lands and 84 grooves in a 
14-inch gun, each having a 
depth of about 0.015 inch. 
This operation consumes 
about 150 hours. 

Turning yokes to fit breech of 12-inch, 50-caliber 
naval gun at Washington Navy Yard. 

oughly swabbed out with burlap and benzine, and the 
interior receives its final bore-searching for torh lands 
or defects in grooves. The lands and grooves are now 
star-gaged and all changes recorded. 

The breech mechanism will now be fitted to the gun, 
and the needed holes are drilled, bored and tapped into 
the breech, and the gas check se at is fitted and scraped 
to a gage. The name of manufacturer, the size, type 
or mark and modification of gun and mechanism, the 
year and inspector initials, and anchor or official mark 
are stamped on the breech face. 

The gun now is shipped to the naval gun factory and 
fitted to its mount, and it is then sent to the naval 
proving grounds and subjected to a test ten rounds, 
the pressure in the powder chamber ranging from 10 
to a maximum of 20 tons per square inch. Upon return 

SCRH.N 

10-inch gun in riffing machine, and rear view of 

finished gun on ffoor at Watervliet Arsenal. 

to the gun factory the gun is cleaned throughout, bore
searched for defects, examined as to any readjustment 
of various forgings due to firing, and again is star
gaged. If satisfactory, the gun is paid for and assigned 
to a battleship. 

There are at present but two steel companies equipped 
to forge these large forgings for 12-inch, 14-inch or 16-
inch guns for army or navy, and their present combined 
capacity is but four sets of above forgings per month. 

The average delivery for the two above companies 
for a finished gun built at the respective plants has 
been one year from receipt of contract, and one a 
month each thereafter. The two Government plants 
turn out on an average one large caliber gun a month 
from four to six months after receipt of forgings. 

So that if Congress authorizes this year eight capital 
battleships or battle-cruis
ers, which will require ten 
pr twelve 14-inch or 16-inch 
guns, the delivery of these 
guns will be a very serious 
problem, due to the fact 
tha t two years will be re
quired on delivery of forg
ings, and the earliest pos
sible date for delivery of 
finished guns would be at 
the expiration of f 0 u r 
years. 

The gun now is removed 
from the lathe, and the 
bore is lapped in a special 
machine carrying a plug 
fitted w i t h longitudinal 
lead or copper strips. This 
plug, dusted with powdered 
emery, is pulled back and 
forth and removes the fins 
and burrs caused by the 
cutting tools of the rifling 
head. When this lapping 
is finished the bore is thor- 12-inch coast defense gun mounted on a disappearing carriage, in normal position. 

There is a good field for 
other large manufacturers 
to enter into the coming 
building programme for the 
Army and Navy, not only 
in this particular work of 
gun manufacture, but in 
every branch which enters 
into the construction and 
equipment of a m 0 d e r  n 
battleship. 

Varieties of Electric Motors 
THE number of different kinds of electric motors has 

increased to such an extent that the lay reader has 
difficulty in understanding references to the various 
types of motors now in use. A complete explanation 
of all the different kinds would require much space, 
but an excellent summary occurs in a rec.ent article 
by Mr. David B. Rushmore in the General Eleet.rie Re
view as follows: 

Motors may, for convenience, be classified with refer
ence to their speed characteristics as follows: 

Constant Speed-Where the speed is constant or 
varies only slightly. 

Adjustable Speed-Where the speed may be varied 
over a considerable range, but when once fixed, remains 
at this value, independent of the load changes. 

Varying Speed-Where the speed changes with the 
load, usually decreasing as the load increases. 

Multi-Speed-Where several distinct speeds may be 
obtained by changing the connections of the windings or 
by other means. 
CLASSIFICATION ACCORDING TO CURRENT AND OPERATING 

CHARACTERISTIC s. 
Direct Current 

Series 
Shunt 
Compound 
Differential 

Alternating Current 
Synchronous 
Induction 

Phase-wound 
Squirrel-cage 

Synchronous-Induction 
C ommutator 

Series-Characteristics 
Shunt-Characteristics 
Compound-Characteristics 

OPERATING CHARACTERISTICS. 

Series Motors: The torque increases faster than the 
current and is a maximum at minimum speed. The 
speed va ries with the load, being high at light load and 
low at heavy load. The efficiency is high throughout a 
wide range of speed as well as load. 

Shunt MotOl·.�: The torque is directly proportional to 

� 

the armature current, irrespective of speed. Approxi
mately constant speed for all reasonable variations of 
load. Efficiency high throughout a wide range of load, 
but only for a small range of speed. 

Gompound Motors: Combine the characteristics of 
series and shunt motors, having a powerful starting 
torque and an increasing torque with decreasing speed. 
Speed not extremely variable under load changes, thus 
avoiding the danger of excessive speed at light loads. 

Differential Motors: The series and shunt windings 
opposite each other, and these motors have, therefore, 
poor starting qualities. Speed increases with increase 
of load, but they have no tendency to run at danger
ously high speed. Used only rarely for special appli
cations. 

Synehronous Motors: The speed of a synchronous 
motor is constant, being fixed by the number of poles 
and the frequency of the appÜed voltage. The single
phase type is not self-starting and requires some auxil
iary motor to bring it up to synchronous speed and into 
proper phase relation before it can be properly con
nected to the supply circuit. The polyphase type has a 
limited starting torque, unless special features are 
added to assist its inherent·

' 
starting characteristics. 

They are, therefore, usually :6rovided with amortisseur 
starting windings; and the starting torque, due to the 
currents in this winding, is proportional to the square 
of the current induced and to the resistance of the 
winding. A motor of large armature reaction and high
resistance starting winding will have a high starting 
torque. The amount of load that the motor will bring 
up to synchronism and pull in depends also on the 
starting winding; but in this respect, a low resistance 
amortisseur winding is required to get the best results 
or the least slip, and from this standpoint high synchro
nizing torque is opposed to high starting torque, and 
viee versa. This factor is, however, not an especially 
difficult one to meet if the requirements are Imown 
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beforehand, as it is seldom that the same motor will 
be called upon to start a heavy load and, at the same 
time, synchronize a heavy load. 

The phase characteristics of a syn,chronous motor are 
of importance, as they show the variation in armature 
current for any given load with varying field excitation, 
and there is a certain field current at each load that 
causes a minimum current to flow. Any increase or 
decrease of field from this value increases the current 
and causes it to lead or lag in phase with respect to the 
line voltage. 

Induetion Motors, Phase-Wound: 
torque with moderate starting current. 

High starting 
Constant or 

variable-speed service, the latter being obtained by 
means of an adjustable resistance in the rotor circuit .. 

[nduetion Motors, Squirrol Gage: Constant-speed 
service with infrequent starting. Relatively small 
starting torque per ampere. By increasing the rotor 
resistance, thus decreasing the efficiency, it may, how
ever, be built for high starting torque. Chief advan
tages are simplicity and durability. 

.Synehronous-[nduetion Motors: The same general 
construction as the wound rotor induction motor, the 
synchronous operation being obtained by exciting with 
low-voltage direct across one phase of the rotor wind
ing. Better starting characteristics than the synchron
ous motor. The operation of the latter is, however, 
more stable under varying loads and fluctuating voltage, 
while it may be eco�mically designed for power-factor 
improvements. Hs cost is also lower. 

A-G Gommutatol' ::Motors: The characteristics of 
these motors are such that with suitable control they 
can be used in place of corresponding types of direct
current motors. 

Consideration of the factors invo1ved in a motor 
application necessitates a careful study, not only of 
the conditions under which the motor is to operute, but 
also oi tlle chal'ucteristics of the motor itself. 
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